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57 ABSTRACT 
In order to minimize the supercharging effect from the 
cylinder to cylinder and to maximize the efficiency of 
the inertia supercharging effect over essentially the 
whole engine speed range, first and second elongate 
collectors which communicate with separate banks of 
cylinders are interconnected at essentially their mid 
points by a connection tube having a selected length 
and cross-sectional area. An engine speed responsive 
valve disposed in the tube or pipe selectively induces 
the situation wherein quasi separate induction systems 
are defined for each bank of cylinders or a single en 
larged system is established. 

8 Claims, 7 Drawing Sheets 
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INERTIA SUPERCHARGING INDUCTION 
SYSTEM FOR MULTI-CYLINDER INTERNAL 

h COMBUSTON ENGINE 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates generally to multi-cyl 

inder internal combustion engines and more specifically 
to an induction system for such an engine which enables 
good inertia supercharging during both high and low 
engine speed operation. 

2. Description of the Prior Art 
FIG. 1 of the drawings shows an induction arrange 

ment disclosed in Japanese Patent Application First 
Provisional Publication No. 56-115818. This arrange 
ment as shown, comprises a single elongate collector 10 
which communicates with a surge tank 12 via first and 
second interconnecting induction conduits 13, 14. Each 
of the engine cylinders #1 to #6 communicate with the 
collector 10 via branch runners 15a-15f. A valve 16 is 
disposed in the collector 10 so as to divide the same into 
first and second sections 10A, 10B. The first section 
10A communicates with a first group of engine cylin 
ders #1 to #3 while the second section 10B communi 
cates with the remaining cylinders #4 to #6. When the 
engine is operating at low speed valve 16 is closed. 
The ignition order of the first and second groups of 

cylinders are respectively discontinuous. Accordingly, 
when the engine is operating at low engine speed and 
the valve 16 is closed the first and second groups of 
cylinders aspirate through mutually independent induc 
tion systems. The dimensions of the conduiting etc., of 
the induction arrangement is selected so that resonance 
characteristics of the two "quasi" independent systems 
are such as to coincide with the induction pressure 
pulsations under low engine speed condition and thus 
induce good inertia ram charging (supercharging). 
Upon the engine speed exceeding a predetermined level 
valve 16 opens and induces the situation wherein the 
natural frequency of the single enlarged system under 
such conditions matches the induction pressure pulsta 
tions which occur at this time. 
However, this arrangement encounters the drawback 

in that although the system is relatively simple, upon 
opening of valve 16 the charging effect provided in 
branch runners 15c and 15d which are located close to 
the valve and the charging effect provided at branch 
runners 15a and 15f(remote from valve 16) are not the 
same. Accordingly, charging efficiency varies from one 
cylinder to another and optimal engine performance is 
not obtained. 

Further examples of the above type of induction 
system are found in Japanese Patent Utility Model First 
Prov. Pub. No. 58-129063 and Japanese Patent Utility 
Model Second Prov. Pub. No. 46-21123. 

SUMMARY OF THE INVENTION 
It is an object of the present invention to provide an 

induction system which provides good inertia super 
charging characteristics under both high and low en 
gine speed operations and wherein the variation in su 
percharging effect between cylinders is minimized in a 
manner which improves engine performance under 
both modes. 

In brief, the above object is achieved by an arrange 
ment wherein the cylinders of the engine are divided 
into first and second groups or banks wherein the igni 
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2 
tion sequence of the respective groups is discontinuous; 
and wherein the induction system for supplying air to 
the first and second group of cylinders is characterized 
by: a first elongate collector section with which the first 
group of cylinders fluidly communicate via branch 
runners, the first collector section having first and sec 
ond ends; a second elongate collector section fluidly 
discrete from the first collector section and with which 
the second group of cylinders fluidly communicate via 
branch runners, the second collector section having 
first and second ends; a surge tank; first and second 
conduits leading from the surge tank to the first and 
second collector sections respectively, the first and 
second conduits fluidly communicating with the first 
and second collector sections at the respective first ends 
thereof; conneciton passage leading from a location 
essentially mid-way between the ends of the first collec 
tor section to a location essentially mid-way between 
the ends of the second collector section; and a valve 
disposed in the connection passage, the valve being 
arranged to assume a closed position wherein communi 
cation between the first and second collector sections is 
prevented and an open position wherein communica 
tion is permitted, the valve being arranged to change 
from the closed position to the open position upon the 
magnitude of a selected operational parameter of the 
engine exceeding a predetermined level. 
With the above defined invention it is possible to 

arrange an induction manifold for a V-6 engine in a 
manner that the collector sections are located side by 
side and essentially parallel with an elongate surge tank. 
The difference in the lengths of the conduits which 
interconnect the surge tank with the respective collec 
tors with such an arrangement is compensated for by 
varying the volumes of the two collectors in a manner 
which achieves a suitable balance in resonance charac 
teristics. By arranging the connection tube to have an 
essentially U-shape and to lie on tp of the side-by-side 
collectors, a highly compact arrangement results. 
BRIEF DESCRIPTION OF THE DRAWINGS 

The features and advantages of the arrangement pres 
ent invention will become more clearly appreciated 
from the following description taken in conjunction 
with the accompanying drawings in which: 
FIG. 1 shows in schematic form the prior art arrange 

ment discussed in the opening paragraphs of the present 
disclosure; 
FIG. 2 shows in schematic form the induction system 

arrangement which characterizes the present invention; 
FIG. 3 is a sectional elevation of an embodiment of 

the present invention; 
FIG. 4 is a sectional plan view of the induction mani 

fold used in the arrangment shown in FIG. 3; 
FIG. 5 is a sectional view taken along section line 

V-V of FIG. 4; 
FIG. 6 is an enlarged sectional view of the valve 

shown in FIG. 5; 
FIG. 7 is a graph showing in terms of engine torque 

and engine rotational speed, a comparison of the torque 
characteristics derived usigg the prior art arrangement 
shown in FIG. 1 and the present invention; 
FIG. 8 is a graph showing in terms of engine torque 

and engine speed, the change in torque developed by an 
engine equipped with the arrangement of the present 
invention when the length of the connection pipe which 
bridges the two induction collectors is varied; 
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FIG. 9 is a graph also in terms of engine torque and 
speed showing the effect of change in diameter (viz., 
cross-sectional area) of the connection pipe on the en 
gine torque characteristics; 

FIG. 10 is a graph showing the effect of change of 5 
volume of the collector sections on the torque genera 
tion characteristics of the engine; 
FIG. 11 is a similar graph showing the effect of in 

duction conduit diameter (cross-sectional area) on the 
engine output; and 
FIG. 12 is a graph showing the the effect of changing 

the volume of the collectors on the engine output with 
the cross-sectional area of the induction conduits set at 
a relatively small value. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Before proceeding to describe an actual embodiment 
of the present invention it is deemed advantageous to 
firstly turn to FIG. 2 wherein the basic arrangement of 2 
the present invention is set forth in schematic form. 
As will be appreciated the arrangement of the present 

invention is such that the induction manifold 100 in 
cludes induction conduits 102, 104 which lead from the 
surge tank 106 and communicate with the ends of col 
lectors 108110, and a connection pipe 112 leads from a 
location essentially mid-way between the ends of col 
lector 108 to a location essentially mid-way between the 
ends of collector 110. The branch runners 114a-114f 30 
which communicate the two collector sections 108, 110 
with the combustion chambers of cylinders #1 to #6 via 
induction ports 115 are arranged to branch-off from the 
collectors at essentially equally spaced intervals. A 
valve 116 is disposed in the connection pipe 112. 35 

Experiments have shown that it is preferable to ar 
range for the volume the collectors 108, 110 to be in 
excess of half of the engine displacement. Viz., as shown 
in FIG. 10 given that the displacement of the engine is 
3 liters (2960 cc), the length of the induction conduits 
102, 104 which interconnect the surge tank 106 and the 
collectors, is 430 mm and the diameter of the same 70 
mm, when the volume of the collectors 108, 110 are 
arranged to be 0.9 liter the output of the engine is mark 
edly lower than if the capacity thereof is slightly greater 45 
than half of the engine displacement (viz., 1,700 cc). 

Experiments wherein the diameter of the induction 
conduits 102, 104 was varied while holding the volume 
of the collectors 108, 110 and the length of the induction 
conduits 102, 104 constant at 1.7 liter and 430 mm re- 50 
spectively; revealed that a diameter of 70 mm gave 
superior engine performance over an arrangement 
wherein the diameter was reduced to 40 mm. 
To confirm the above results experiments wherein 

the volume of the collectors 108, 110 were varied with 55 
an induction arrangment wherein the length and diame 
ter of the induction conduits were held constant at 430 
mm and 40 mm respectively. As shown, when the vol 
ume of the collectors was 1.7 liter the torque developed 
by the engine was notably better than when the volume 60 
was reduced to 0.6 liter. 
As will become clear herinlater with a discussion of 

the graphs of FIGS. 7 to 9, by using the above described 
arrangement and by selecting the length and diameter 
of the connecting pipe 112 in conjunction with the di- 65 
mensions of the remaining system, it is possible to 
achieve an engine performance which is notably better 
than that achieved with the FIG. 1 arrangement. 
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The diameter of the engine induction ports 115 in the 

engine tested was 42 mm. Accordingly, from the above 
data it was determined tha the cross-sectional area of 
the induction conduits should be greater than 2.5 times 
the cross sectional area of the induction ports 115. 

Subsequent experiments (which will be dealt with in 
more detail hereinlater) revealed that given the above 
mentioned manifold specifications, it is preferable for 
the connection pipe 112 to be 100 mm to 430 mm in 
length (viz., 0.33 to 1.5 times the length of collectors 
108, 110 and therefor about the sum of the diameters of 
three cylinders; and to be 40-60 mm in diameter. 
FIG. 8 shows the results of experiments which were 

conducted in order to the detect the effect of changing 
the length of the connection pipe 112 on the torque 
produced by the engine. it will be noted that the diame 
ter of the pipe was held constant at 40 mm. 
As shown, all of the pipes tested showed better 

torque generation characteristics over an arrangement 
0 wherein the two collectors were communicated di 

rectly (viz., via a pipe having a zero length). 
FIG. 9 shows the results of tests conducted to deter 

mined the optimum diameter (viz., the cross-sectional 
area) of connection pipe 112. During these tests the 
length of the pipe was held constant at 300 mm. As will 
be appreciated the engine performance did not vary to 
any particular degree when pipes having 40, 50 and 60 
mm diameters were used. However, in order to avoid 
any marked changes in internal volume of the induction 
system it is deemed appropriate that the diameter of the 
pipe be arranged to close to or within the above men 
tioned range. 
With the above described specifications when the 

engine is operating a low engine speeds, the resonance 
characteristics of the induction system with the vale 116 
closed, match the pressure pulsations which occur in 
the induction system and induce the engine to produce 
torque which varies as shown by chain line in FIG. 7. 
Upon opening of valve 116 the colleclitors 108 and 110 
become communicated via connection pipe 112 
whereby the distance of the intake system ahead of the 
intake ports 115 is increased by only the distance be 
tween the runners 114a and 114b so that the system 
becomes resonant with short wavelength pulsations 
which are produced under such conditions. The torque 
generation characteristics with the valve 116 open are 
depicted in FIG. 7 by the solid line trace. As will be 
appreciated the torque produced by the engine with the 
present invention is higher than that produced by the 
prior art arrangement shwn in FIG. 1 of the drawings, 
the torque generation characteristics of which are de 
noted by the chain line trace in the same figure. The 
difference between the invention and the prior art 
which occurs with the valve open and the engine oper 
ating at high engine speed is highlighted by hatching in 
FIG. 7. 
As will be appreciated it is advantageous to select the 

point at which the valve is switched from its closed 
position to its open one so that a sharp change in torque 
generation is not experienced. Viz., it is advantageous to 
select the changeover point to be conincident with the 
engine speed at which the chain line trace intersects the 
solid line one. 

FIGS. 3 to 6 show an actual embodiment of the pres 
ent invention as applied to a 2960 cc displacement V-6 
type engine. 

In this arrangement the induction manifold 100 is 
arranged above and between two banks of three c2ylin 
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ders of a V-6 engine 300. As shown, the branch runners 
114a-114f in this embodiment lead upwardly from the 
intake ports 302 the engine and open into the bottom 
their respective collector sections 108, 110. As best seen 
in FIG. 4 the collector sections are defined in a housing 
120 which is partitioned by wall 122 which extends 
essentially parallel with the longitudinal axis of the 
engine. The induction conduits 102, 104 blend into the 
ends of the collectors 108, 110 and lead to the surge tank 
106. 

In this arrangement, the surge tank 106 is, as best seen 
in FIG. 4, elongate and arranged to extend parallel to 
the collector housing 120. The surge tank 106 is ar 
ranged to communicate with the an air cleaner 124 via 
a conduit arrangement including a throttle valve 126 
and an air flow meter 128 (in this embodiment the air 
flow meter is depicted as being, merely by way of exam 
ple, a hot wire/vortex type). 
The connection pipe 112 in this embodiment is advan 

tageously arranged to have an essentially U-shape (see 
FIG. 4) and to lie flat on the top or "roof” of the collec 
tor housing 120. The valve 116 which has a construc 
tion as best seen in FIG. 6 is arranged to located in the 
U-shaped connection pipe 116 at a location adjacent the 
end of collector section 108, With this arrangement an 
actuator 130 of the valve 116 may be arranged to de 
pend into the space available at this point (see FIG. 5). 
FIG. 6 shows the construction of the valve 116 and 

actuator 130 in detail. In this embodiment the valve 116 
includes a vane 132 which is secured to one end of a 
rotable shaft 134. Roller bearings 136, 138 rotatably 
journal the shaft 143. The actuator which may be any 
suitable type (viz., for example electrical, electrical/me 
chanical, pneumatic or the like) is disposed in a cup 
shaped housing 140 and between the roller bearings 136, 
138. 
As will be best appreciated from FIG. 5, by arranging 

the cross-section of the collector sections 108, 110 and 
induction conduits 102,104 to be essentially rectangular 
in shape, the height of the induction manifold can be 
kept to a minimum and the arrangement rendered 
highly compact. Arranging the longitudinal vertical 
cross-section of the U-shaped connection pipe to be 
slightly wedge shaped tends to minimize the height 
increasing effect of placing the same on top of the hous 
ing 120. 

In the instant embodiment the displacement of the 
engine is 2960 cc, the volumes of the collectors 108 and 
110 are 1.9 and 1.6 liters respectively (the sum being 
greater than the engine displacement), and the volume 
of the surge tank 106 is arranged to be 3 liters and thus 
act as the free ends of the system through which the 
pressure waves pass. 

It will be noted that with the instant embodiment as 
the arrangement of the induction passages and the col 
lectors is not symmetrical it is necessary to vary the 
volumes of the collectors slightly so as to achieve a 
unification in the supercharging effect on the two group 
of cylinders. The performance characteristics of the this 
embodiment are essentially as shown in FIG. 7. 
With the above described embodiment as the valve 

112 is located at a high position the possibility that any 
water which might have entered the system will not 
collect therein and induce the possibility that under 
very cold conditions that the valve will freeze in a 
closed state. 

It will also be noted that although the connection 
pipe is illustrated as being cast integrally with the re 
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6 
maining portions of the housing 120 it is possible to 
provide same as a separate detachable unit. 
What is claimed is: 
1. In a non-supercharged multi-cylinder V-type inter 

nal combustion engine: 
a first group of cylinders, said first group of cylinders 
having a discontinuous ignition sequence, said first 
group of cylinders being aligned to define a first 
bank of cylinders of said V-type engine; 

a second group of cylinders, said second group of 
cylinders having a discontinuous ignition sequence, 
said second group of cylinders being aligned to 
define a second bank of cylinders of said V-type 
engine which second bank is arranged parallel to 
said first bank of cylinders; and 

a naturally aspirated induction system for supplying 
air to said first and second groups of cylinders, said 
naturally aspirated system comprising: 

a first elongate collector section, said first collector 
section being fluidly communicated with the cylin 
ders of said first group of cylinders, said first col 
lector section being arranged essentially parallel 
with said first group of cylinders and having first 
and second ends; 

a second elongate collector section, said second col 
lector section being fluidly communicated with the 
cylinders of said second group of cylinders, said 
second collector being arranged parallel with said 
second group of cylinders and having first and 
second ends, the first and second ends of said sec 
ond collector section being located adjacent the 
first and second ends of said first collector section, 
respectively; 

said first and second collector sections being defined 
in the same housing and located above and essen 
tially between the first and second banks of cylin 
ders; 

an air cleaner; 
a surge tank fluidly communicated with said air 

cleaner, said surge tank being arranged parallel 
with said first and second collector sections and 
between said air cleaner and said first and second 
collector sections, said surge tank having first and 
second ends; 

a first induction conduit leading from a first end of 
said surge tank to a first end of said first collector 
section; 

a second induction conduit leading from a second end 
of said surge tank to a second end of said second 
collector section, said second induction conduit 
passing the second end of said first collector sec 
tion; 

an essentially U-shaped connection passage fluidly 
interconnecting said first and second collector sec 
tions at locations essentially mid-way between the 
first and second ends thereof, said connection pas 
sage being disposed above said first and second 
collector sections and arranged so that the curved 
portion thereof is located proximate the first ends 
of said first and second collector sections; 

a valve disposed in said connection passage; and 
a motor for operating said valve, said motor being 

arranged below the lower surface of said connec 
tion passage and proximate the first end of said 
second collector section, said motor being ar 
ranged to be selectively operable in response to the 
value of an engine operational parameter exceeding 
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a predetermined level to move said valve from a 
closed position to an open one. 

2. An internal combustion engine as claimed in claim 
1, wherein said first group of cylinders comprises three 
cylinders and said second group of cylinders comprises 
three cylinders. 

3. An internal combustion engine as claimed in claim 
1, wherein each of said cylinders includes a combustion 
chamber which communicates with the a runner via an 
induction port, said induction port having a predeter 
mined cross-sectional area. 

4. An internal combustion engine as claimed in claim 
1, wherein said engine has a predetermined displace 
ment and wherein each of said collector sections has an 
internal volume which is greater than half of engine 
displacement. 

5. An internal combustion engine as claimed in claim 
3, wherein said induction conduits have a cross-sec 
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8 
tional area which is at least 2.5 times the cross-sectional 
area of said induction ports. 

6. An internal combustion engine as claimed in claim 
1, wherein said connection passage has a length which is 
0.33 to 1.5 times that of one collector section. 

7. An internal combustion engine as claimed in claim 
1, wherein said first and second collector sections are 
arranged side by side, and wherein said surge tank is 
elongate and is arranged to extend essentially parallel to 
the said collector sections, wherein said connection pipe 
has an essentially U-shape and is disposed flat on top of 
said first and second collectors. 

8. An internal combustion engine as claimed in claim 
1, wherein said first and second induction conduits are 
not equal in length and wherein the volumes of said first 
and second collector sections are different. 

: e k 2k : 


